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(57) ABSTRACT

An array of valves are arranged in n columns and m lines and
which are each designed to control a fluid flow in an associ-
ated flow channel in a lab-on-a-chip system. The array
includes at least two valves, every column having not more
than one valve and every line having from zero to n valves. A
device is used for actuating the valves. The valves are pres-
sure-actuated. To produce the device, the flow channels are
arranged in accordance with the arrangement of the valves.
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1
DEVICE AND METHOD FOR CONTROLLING
FLUID FLOWS IN LAB-ON-A-CHIP SYSTEMS
AND METHOD FOR PRODUCING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the U.S. national stage of International
Application No. PCT/EP2010/055817, filed Apr. 29, 2010
and claims the benefit thereof. The International Application
claims the benefits of German Application No.
102009023430.6 filed on May 29, 2009, both applications are
incorporated by reference herein in their entirety.

BACKGROUND

Described below is a device for controlling fluid flows in
lab-on-a-chip systems, using an array of valves. The valves
are arranged in n columns S, and m rows Z,,, n and m being
integers. They are each configured to control a fluid flow in an
associated flow channel. The device furthermore includes an
instrument for actuating the valves. A device having the fea-
tures described above is known, for example, from EP 0 180
064 B1. Also described below are methods for controlling
fluid flows in such lab-on-a-chip systems and to methods for
producing the device.

In biosensor technology, lab-on-a-chip systems are used in
order to be able to carry out biochemical analyses in parallel.
Microfiuidic instruments and a chip having an array of sen-
sors are integrated on a support, which for example may be a
plastic card. The array of sensors may, for example, be formed
by electrochemical sensors which are arranged in columns
and rows on the chip. The sensors are coated with molecules,
to which the substances to be detected bind specifically. The
specific binding is detected electrochemically by changes in
current and/or voltage. In this way, biochemical substances,
for example antibodies, peptides or DNA, can be detected in
solutions to be examined, for example blood or urine.

The measured electrochemical signals may be processed
directly by integrated circuits on the chip, or they may be read
out from the chip by an external evaluation unit. The chemi-
cals required for the examination may be delivered from the
external evaluation unit to the support or they may already be
on the support, for example in the form of dry reagents.
During the examination, the solutions i.e. liquids are deliv-
ered to the support and fed on the support via microchannels
into a reaction chamber. The chip with the sensor array is
located in the reaction chamber. Reactions required for the
detection may take place in the microchannels and/or the
reaction chamber.

In the case of complex biochemical reactions which are
required for the detection, the fluid flow of the solution must
be controlled. For instance, it may be necessary for the liquid
to stay for a predetermined period of time in a region of the
microchannels, so that for example dry reagents which are
stored in this region are dissolved and chemical reactions can
take place. Only after completion of the chemical reactions is
the liquid fed further through the microchannel. Furthermore,
when detecting biochemical substances in the reaction cham-
ber it may be necessary to close the reaction chamber in a
fluid-tight fashion. To this end, valves are to be provided in the
support. They are to be arranged at particular selected posi-
tions in the support, for example in the inlet and outlet of the
reaction chamber.

EP 0180064 B1 discloses a valve array of valves which are
designed to close microchannels. The microchannels are
arranged in a first support, which is covered with a thin
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membrane on one side of the microchannels. The thin mem-
brane is arranged in a sandwich fashion between the first
support and a second support. Arranged in the second sup-
port, there are plunger-like instruments which can be pressed
with the aid of springs via the membrane onto openings of the
microchannels in the first support. The microchannels are
thereby closed by the membrane. The described valves are
arranged according to the position of the flow channels on the
support. They are driven individually and separately from one
another.

In the case of complex analysis processes, it is indispen-
sible to carry out a plurality of chemical processes separately
from one another simultaneously on a chip card. To this end,
aplurality of valves of an array of valves on the chip card must
be actuated simultaneously. Systems in the known art, as
described for example in EP 0 180 064 B1, individually
control the valves separately from one another, which is very
complicated and leads to high costs.

SUMMARY

Described below is a device having an array of valves, in
which the valves can be controlled simultaneously with a
simple and economical structure. Also described below is a
method which allows control of the valves simultaneously
according to a set program without elaborate electronics and
individual electrical driving of the valves. Also described
below is a method for producing the array of valves, which
starts on the basis of the arrangement of the valves.

The device for controlling fluid flows in lab-on-a-chip sys-
tems has an array of valves, the valves being arranged in n
columns S,, and m rows Z,,. In this case, n and m are integers.
The array includes at least two valves, each column S, having
no valve or at most one valve and each row 7, having between
zero and n valves. The valves are each configured to control a
fluid flow in an associated flow channel. The device further-
more includes an instrument for actuating the valves.

The special arrangement of the valves in the array makes
simple control possible. In each column, there is only one
valve. By virtue of an arbitrary number of valves in the rows,
however, it is possible to achieve any required valve arrange-
ment since the number of columns and the number of rows are
freely selectable. The array of valves can be designed accord-
ing to the requirements of the chemical processes to be con-
trolled and therefore the fluidics in an analysis or examina-
tion, and the time profile of the processes, in particular
processes taking place simultaneously at different positions.
The fluidic channels and chambers are arranged in accor-
dance with the design of the array of valves. The arrangement
of the valves in array form permits particularly simple pro-
duction, adaptable for many processes or reproducible, of the
device.

The instrument for controlling the valves may have an
essentially plane plate having elevations projecting from the
plane, in which n' columns S, and m' rows Z,,' are arranged.
The spacings of neighboring columns S, may in this case be
equal to the spacings of associated neighboring columns S, of
the valves.

The instrument for controlling the valves permits mechani-
cal control of all valves simultaneously according to a set
program. Its structure inn' columns S, and m' rows Z, ' makes
it compatible with the array of valves.

By mounting the essentially plane plate movably in a first
direction relative to the array of valves, the first direction
extending parallel to the columns S, of the array of valves,
valves can be controlled by moving the essentially plane
plate. The elevations projecting from the plane of the plate
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may in this case on the one hand be arranged in n' columns S,
and m' rows Z,,' so that individual valves are closed or opened
in a controlled way according to a predetermined program
during a movement of the essentially plane plate along the
first direction relative to the array of valves.

Since only one valve is arranged in each column S,, of the
array of valves, during movement of the plate along the gap an
elevation in the essentially plane plate controls only this one
valve. Depending on the spacing and number of elevations,
the one valve can be opened and closed. A plurality of eleva-
tions in a row lead to simultaneous actuation of valves
arranged in a row. The arrangement of the valves and the
elevations therefore determines the program according to
which the valves are controlled. With a predetermined
arrangement of the valves in the array, the program can be
determined by arrangement of the elevations.

The array of valves may be arranged in a chip card, the chip
card including a flat body made of a plastic material in credit
card form, on a front side of which a film is applied, in
particular a self-adhesive film. In the body, on the surface of
the front side, flow channels may be arranged as recesses, as
well as the valves which contain an elastomer compound that
is arranged at least partially next to a respectively associated
flow channel. This provides a particularly simple and eco-
nomical to produce structure of the array of valves, especially
since chip cards are common in biosensor technology and can
therefore be used in standard instruments. This likewise
reduces costs, because it is not necessary to develop an
entirely new concept of the analysis instruments.

The plastic body may be formed of polycarbonate or
polypropylene. The elastomer may be a thermoplastic elas-
tomer, in particular rubber or a mixture of polypropylene and
ethylene propylene diene M-class elastomer. These materials
are easy to process and economical. They are also inert with
respect to most chemicals used in biosensor technology.
These materials furthermore do not react, or react only to a
small extent, with the substances to be analyzed. Changes in
the folding of the substances or molecules or other reactions,
which vitiate the examination, generally do not take place as
a result of these materials.

The chip card may be arranged in a sandwich fashion in the
instrument for actuating the valves. On a rear side of the chip
card, a plunger for actuating the respective valve may respec-
tively be arranged in an instrument plate, the plunger being
prestressed by at least one spring between the instrument
plate and the plunger so that essentially no pressure force
exists between the plunger and the valve. The mechanically
more complicated and therefore more cost-intensive part is
therefore fitted in the instrument for actuating the valves. For
a disposable chip card to be used once, it is thus possible to
employ inexpensive materials without an elaborate produc-
tion process.

The sandwiched arrangement of the chip card in the instru-
ment for actuating the valves leads to secure and positionally
stable mounting, so that the chip card does not slip relative to
the instrument. This ensures that the plunger can reliably
actuate the associated valve at any time. A reliable function-
ality is thereby ensured.

A method for controlling a device as described above
includes actuation of the valves respectively by application of
a pressure force, which is exerted in particular by at least one
plunger, on the respective valve. When a pressure force is not
applied a valve is opened and a fluid flows in an associated
flow channel, and when a pressure force is applied to the valve
the valve is closed and the fluid flow is prevented in the
associated flow channel.
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This method is particularly simple and controls the liquid
flow effectively. What is important in this case is that gas-
and/or liquid-tight closure of the valve is ensured. The acti-
vation by a pressure force permits a simple structure of the
valve and the activation action. A reliable functionality with-
out fatigue of the materials is feasible even with frequent
opening and closing.

The opening and closing of the valves may be carried out
according to a predetermined program by moving the essen-
tially plane plate parallel to the columns S, relative to the
array of valves.

No electrical programming or an elaborate regulating and
control loop are necessary. In the case of a frequently
executed analysis program which is always the same, this
leads to a simple, reliable and economical structure and
method. The control of the valves can be carried out exclu-
sively mechanically, by movement of the essentially plane
plate. Particularly in connection with the handling of liquids
and the laboratory environment, this leads to an increased
reliability of the examination owing to less susceptibility to
error compared with elaborate control electronics.

The difference between the m' rows Z,,' of the instrument
for controlling the valves and the m rows Z,, of the array of
valves can define the number of process steps in which at least
one valve is actuated.

A process involving control of the valves may on the one
hand be carried out by moving the essentially plane plate
relative to the array of valves with a fixed speed, the duration
of'a process step being determined by the spacing of the rows
7, from one another in the case of an equal spacing of all
rows 7., respectively from one another, or the duration of a
process step being determined by the spacing of the rows Z,,
from one another in the case of an equal spacing of all rows
7., respectively from one another.

An essentially plane plate can reliably be operated with a
constant speed more simply and with less outlay than with
accelerated speeds. Drives with a constant speed are eco-
nomical and reliable. Determining the duration of the process
steps by the spacing of the rows leads to a high reproducibility
and reliability of the examination.

A process involving control of the valves may on the other
hand be carried out by moving the essentially plane plate
relative to the array of valves with a speed which is respec-
tively adapted to the duration of a process step, the rows 7,
respectively being arranged equally separated from one
another and the rows 7., respectively being arranged equally
separated from one another.

Equal spacings of the rows from one another simplify the
structure and production of the device. However, the outlay
for driving the essentially plane plate with accelerated move-
ments is greater.

A method for producing a device as described above
includes the provision of flow channels in the device as a
function of the arrangement of the valves of the array in the n
columns S, and m rows Z,,. This permits a design of the
device as a function of the valves. Starting with the valves,
which are more elaborate to produce, the flow channels and
reaction chambers are then arranged or designed. An array of
valves can thus be produced simply and economically always
with the same array shape by reusing the mold, it only being
necessary to establish the positions of the array at which
valves are applied or not applied. The channels and chambers,
which are less expensive and simpler to produce, are then
defined and produced as a function of the valves, the reactions
to be carried out and the desired fluidics. Advantages in the
costs of the design and the production can thus be achieved in
a similar way to semiconductor electronics. In that case,
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components are arranged on a chip according to the purpose
of a circuit and the production technology, and the intercon-
nection is designed and produced according to the position of
the components. The components are electrically connected
to one another by the interconnection in such a way that the
desired electrical circuit is obtained.

The advantages associated with the method for controlling
a device and with the method for producing a device are
similar to those which were described above in relation to the
device for controlling fluid flows in lab-on-a-chip systems.

Preferred embodiments with advantageous refinements
will be explained in more detail below with the aid of the
figures, but without being restricted thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages will become more
apparent and more readily appreciated from the following
description of the exemplary embodiments, taken in conjunc-
tion with the accompanying drawings of which:

FIG. 1 is a schematic sectional view of the structure of a
valve, and

FIGS.2A-2C are a planand two sectional views of a device
for controlling fluid flows in lab-on-a-chip systems along the
section line A-A' and along the section line B-B' in FIG. 2A
with an instrument for controlling the valves.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference will now be made in detail to the preferred
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout.

FIG. 1 shows a valve by way of example for better under-
standing of the instrument for controlling fluid flows. The
valve is constructed from a body 1 made of a plastic material
and an elastomer compound 2. The body 1 constitutes a
support, or a substrate, and may have the form of a chip card,
an electrochemical sensor array for the detection of bio-
chemical substances being arranged on the embedded chip.
For the sake of simplicity, the configuration of the chip card
will not be discussed in further detail here. Embodiments
without a chip are also possible, for example in optical analy-
sis instruments.

A first recess 4 is formed in the support body 1. The first
recess 4 is open toward a front side 10 of the support body 1.
It has the form of a channel and is used as a flow channel 4'.
Liquids or gases can flow through the flow channel 4'. A
second recess 3 is formed in direct proximity to the first recess
4, adjacent to the flow channel. It has a common interface with
the first recess 4 in a subregion 9 of the first recess 4. The
second recess 3, as shown in FIG. 1, is formed continuously
from the front side 10 to the rear side 11 of the support body
1. It is fully filled, or occupied, with the elastomer compound
2.

A self-adhesive film 5 is applied flat on the front side 10 of
the support body 1. The adhesive layer 6 of the self-adhesive
film 5 ensures good adhesion of the film 5 on the support body
1 and on the elastomer compound 2. The film 5 with its
adhesive layer 6, in conjunction with the support body 1 and
the elastomer compound 2, seals the flow channel 4' from the
surroundings in an air- or gas-tight and/or liquid-tight fash-
ion.

In order for the valve to be usable in biochemical devices,
the materials which come in contact with the liquids or gases
must be compatible with the substances to be examined.
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Liquids used in biochemical examinations are for example
blood, urine, water, alcohols or other solvents. Substances
which, for example, are intended to be analyzed or detected
by biochemical devices are for example proteins, DNA or
antibodies. These must not be influenced or modified by the
materials used.

Possible materials to be used for the support body 1 are
hard polymers, which for the sake of simple production
should be processable by injection molding technology. The
material should be plastic, i.e. difficult to deform or unde-
formable. Such materials are provided, for example, by poly-
carbonate or polypropylene. In a prefabricated mold, the sup-
port body 1 of a chip card would be produced with its first
recess 4 and second recess 3 in one operation by injection
molding technology. In a second operation, the elastomer
compound 2 would be introduced into the second recess by
injection molding technology. Thermoplastic elastomers, in
particular, are suitable as possible materials for the elastomer
compound 2. One example of a particularly highly suitable
thermoplastic elastomer is a mixture of polypropylene and
ethylene propylene diene M-class elastomer, which is known
by the brand name Santoprene®.

A chip with a sensor array can be inserted from the rear side
11 into the support body 1, which can be contacted and read
out from the rear side by a reader unit 7. The front side of the
support body 1, on which the flow channels 4' and reaction
chambers are arranged, may be fully covered in a sterile
fashion with the aid of a self-adhesive film. This provides gas-
and liquid-tight flow channels 4' and reaction chambers.

One possible material for a film is polyethylene. It is,
however, also possible to use other film materials.

FIG. 2 represents a device for controlling fluid flows in
lab-on-a-chip systems in a plan view and in sectional repre-
sentations along the section line A-A' and along the section
line B-B' with an instrument for controlling the valves. The
support or substrate body 1 with the valves is fastened in a
sandwich fashion in a reader unit 7. Parts of the reader unit 7
are pressed against the front side 10 and against the rear side
11 of the body 1. The body 1 is thereby mounted immobile in
the reader unit 7. If the body 1 is configured in the form of a
chip card with an electrical chip, then the reader unit 7 can
read out and process signals of the sensor array. A valve can be
actuated by the reader unit 7 in order to control fluidic pro-
cesses and chemical reactions in the first recess 4 of the body
1.

As shown in FIG. 2 in the section B-B', two valves, which
are represented by way of example for the functionality of the
valves, are arranged in the support or substrate body 1. Plung-
ers 8 can put the valves into an open state (right-hand valve I)
or a closed state (left-hand valve II). A first recess 4, or a flow
channel 4', can be closed in a liquid-tight and/or gas-tight
fashion by actuating a valve. A plunger 8, which is arranged in
the reader unit 7 and is controlled by the latter, exerts a
pressure force from the rear side 11 on the elastomer com-
pound 2. This is done by moving the plunger 8 in the direction
of the elastomer compound 2. The pressure force, which is
exerted by the plunger 8 on the elastomer compound 2, causes
deformation of the elastomer. Since the elastomer can only
expand in the direction of the first recess 4, it is pressed into
the first recess 4. This continues until the first recess 4 is fully
filled with elastomer along a cross section of the first recess 4.

This in turn causes the valve to be closed.

If the plunger 8 is moved away from the elastomer com-
pound 2, then less to no pressure force acts on the elastomer
so that the elastomer returns to its original shape. The elas-
tomer is retracted from the first recess and therefore frees it.
The valve is opened again.
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For simultaneous actuation of the valves, the plungers 8 are
fastened on a fixed plate 7a of the reader unit 7. The fixed plate
7a lies on the rear side 11 of the plastic body 1. The plungers
8 are prestressed to opening of the valves by a spring (not
shown) so that they exert no pressure on the valves in this
state. A plane plate with elevations 12 is arranged movably
behind the fixed plate 7a of the reader unit 7. “Behind the
fixed plate 7a” refers to that side of the fixed plate 7a which
lies on the other side from the body 1. If an elevation of the
mobile plane plate 12 lies immediately behind i.e. in contact
with a plunger 8, then the latter is pressed in the direction of
the elastomer compound 2 of the associated valve and the
valve is closed. If there is no elevation of the mobile plane
plate 12 behind a plunger 8, then the plunger is pressed, or
prestressed, by the spring in the direction of the mobile plane
plate 12 and exerts no pressure on the elastomer 2. The valve
associated with the plunger 8 is opened.

The mobile plane plate with elevations 12, in conjunction
with the reader unit 7, especially the fixed plate 7a of the
reader unit 7 with plungers 8, provides the instrument for
actuating or controlling the valves 13. The mobile plane plate
with elevations 12 and the fixed plate 7a of the reader unit 7,
as well as the plungers 8, are generally made of a metal, for
example steel, for stability reasons. Nevertheless, other solid
materials such as hard plastic may also be used. The springs
are generally made of spring steel.

Simultaneous actuation or non-actuation of all the valves
of'the array of valves according to a predetermined program
is carried out by the instrument for actuating the valves 13
and, in particular, by the essentially plane plate 12. When the
mobile plane plate with elevations 12 is moved relative to the
fixed plate 7a of the reader unit and therefore relative to the
plastic body 1 with the valves, valves below which an eleva-
tion is inserted during the movement are actuated according
to the arrangement of the elevations on the plate 12. Ifaregion
of'the plate 12 without an elevation is inserted below a valve,
the valve remains open. If an elevation lying below a valve is
moved away from below the valve and a region of the plate 12
is inserted below the valve in its place, the valve is opened.

By the arrangement of the valves in rows Z,, and columns
S, and the elevations in rows Z,,.and columns S, , the spacing
of'the rows of the elevations being equal to the spacing of the
columns of the valve array, and by movement of the plate 12
along a direction which is parallel to a column, all the valves
are actuated simultaneously according to a set program. Since
only one valve is arranged in each column S,,, an elevation
only actuates a valve once. With a fixed predetermined
arrangement of the valves, the program is determined by the
arrangement of the elevations. A program step is determined
by 7,,~7,, columns. When the plate 12 is moved through the
spacing of a row, the next program step is carried out accord-
ing to the arrangement of the elevations in the next row. If a
valve is intended to remain closed between two program
steps, then an elevation must be formed continuously along a
column S,,, between two rows.

With uniform movement of the plate 12, with a fixed pre-
determined spacing of the rows of the valves Z . the duration
of a program step for a predetermined constant speed of
advance of the plate 12 relative to the plate 7a is determined
by the spacing of the rows of the elevations Z,,. As an alter-
native, however, with predetermined spacings of the rows of
the elevations Z,, ., the speed of advance may be varied accord-
ing to the desired duration of a process step.

As represented in FIG. 2 in the plan view, the valves are
arranged only at particular points of the array of valves. Each
column S,, has only one valve. An appropriate number of
valves are arranged in a row Z,, according to the chemical
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reactions to be carried out and the desired microfluidics. The
flow channels and reaction chambers, the latter not being
represented for the sake of simplicity, are formed as recesses
in the front side 10 of the plastic body 1 according to the
arrangement of the valves. Complex chemical or biochemical
reactions can thus be controlled easily by the method
described above. The program, which controls the fluid flows
by controlling the valves, is determined by the arrangement of
the elevations on the plate 12. For the sake of simplicity, the
valves in FIG. 2 are arranged with equal spacings from one
another in the columns S, and rows Z,, in the body 1. The
valves are all simultaneously controlled, i.e. actuated or not
actuated, by the movement of the plate 12.

Other embodiments, which are not represented in the fig-
ures, for example with different spacings of the valves from
one another in the columns S, and rows Z,, in the support or
substrate body 1 made of plastic material, may likewise be
implemented. Control of the plungers 8 by the plate 12 may
also be carried out using indentations instead of elevations in
the plate 12. In this case, an indentation corresponds to open-
ing of a valve. It is also conceivable for the plungers 8 not to
be prestressed so as to exert no pressure on a valve, butinstead
for them to be pressed onto the body 1 in the prestressed state
or not prestressed at all. A reduced pressure may then con-
tribute to movement of the plungers 8 over the plate 12.

A description has been provided with particular reference
to preferred embodiments thereof and examples, but it will be
understood that variations and modifications can be effected
within the spirit and scope of the claims which may include
the phrase “at least one of A, B and C” as an alternative
expression that means one or more of A, Band C may beused,
contrary to the holding in Superguide v. DIRECTV, 358 F3d
870, 69 USPQ2d 1865 (Fed. Cir. 2004).

The invention claimed is:

1. A method for controlling fluid flows in a lab-on-a-chip-
system, comprising:

a chip card having flow channels,

multiple valves for controlling flow through the flow chan-

nels, and

an instrument to actuate the valves,

wherein the chip card is arranged in sandwich fashion in
the instrument,

wherein the instrument is arranged on a rear side of the
chip card,

wherein plungers corresponding to the valves are pro-
vided for respectively actuating the valves,

wherein the plungers are arranged one of on the rear side
of the chip card at and in the instrument, and

wherein springs are provided, each plunger being pre-
stressed by at least one of the springs so that substan-
tially no pressure force exists between the plunger and
a corresponding valve if the plunger is not actuated,

the method comprises the steps:

wherein the valves are respectively actuated by applica-
tion of a pressure force, exerted by at least one
plunger, to close each valve corresponding to the at
least one plunger, thereby preventing a fluid from
flowing in the respectively associated flow channel,
and

wherein when the pressure force is not applied to a
corresponding valve, the corresponding valve is
opened and the fluid flows in the respectively associ-
ated flow channel.

2. The method as claimed in claim 1, wherein said device
comprises an array of valves arranged in n columns and m
valve rows, where n and m are integers, the array including at
least two valves, each valve column having at most one valve
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and each valve row having between zero and n valves; and
wherein said instrument comprises an essentially plane plate
having elevations projecting from the plane, in which n' plate
columns and m' plate rows are arranged, spacings of neigh-
boring plate columns being equal to the spacings of associ-
ated neighboring valve columns; and the valves are opened
and closed in accordance with a predetermined program by
moving the essentially plane plate parallel to the valve col-
umns relative to the array of valves.

3. The method as claimed in claim 2, wherein the differ-
ence between the m' plate rows of the essentially plane plate
and the m valve rows of the array of valves defines a number
of process steps in which at least one valve is actuated.

4. The method as claimed in claim 3,

wherein there is equal spacing between each of the valve

rows, and

wherein when the essentially plane plate is moved relative

to the array of valves with a fixed speed, a duration of
each process step is determined by spacing between the
plate rows.

5. The method as claimed in claim 3,

wherein there is equal spacing between each of the plate

rows, and

wherein when the essentially plane plate is moved relative

to the array of valves with a fixed speed, a duration of
each process step is determined by the spacing of the
valve rows.

6. The method as claimed in claim 3,

wherein there is a first consistent spacing between each of

the plate rows and a second consistent spacing between
each of the valve rows, and

wherein the essentially plane plate is moved relative to the

array of valves with a speed respectively adapted to a
duration of a process step.

7. A device for controlling fluid flows in a lab-on-a-chip-
system, comprising:

a chip card having flow channels,

multiple valves for controlling flow through the flow chan-

nels, and

an instrument to actuate the valves,

wherein the chip card is arranged in sandwich fashion in
the instrument,

wherein the instrument is arranged on a rear side of the
chip card,
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wherein plungers corresponding to the valves are pro-
vided for respectively actuating the valves,

wherein the plungers are arranged one of on the rear side
of the chip card at and in the instrument, and

wherein springs are provided, each plunger being pre-
stressed by at least one of the springs so that substan-
tially no pressure force exists between the plunger and
a corresponding valve if the plunger is not actuated
and wherein the instrument comprises an essentially
plane plate having elevations projecting from the
plane arranged such that some valves are closed and
other valves are opened in a controlled way according
to apredetermined program during a movement of the
essentially plane plate.

8. The device as claimed in claim 7, wherein said device
comprises an array of valves arranged in n columns and m
valve rows, where n and m are integers, the array including at
least two valves, each valve column having at most one valve
and each valve row having between zero and n valves; and
said instrument comprises an essentially plane plate having
elevations projecting from the plane, in which n' plate col-
umns and m' plate rows are arranged, spacings of neighboring
plate columns being equal to the spacings of associated
neighboring valve columns.

9. The device as claimed in claim 8, wherein the essentially
plane plate is mounted movably in a first direction relative to
the array of valves, the first direction extending parallel to the
valve columns of the array of valves.

10. The device as claimed in claim 9, wherein the eleva-
tions project from the plane of the plate, arranged in n' plate
columns and m' plate rows, so that some valves are closed and
other valves are opened in a controlled way according to a
predetermined program during a movement of the essentially
plane plate along the first direction relative to the array of
valves.

11. The device as claimed in claim 10,

wherein the chip card comprises a flat body made of a

plastic material in credit card form, having a front side
on which a self-adhesive film is applied, and

wherein the flow channels are arranged in the flat body as

recesses on the front side.

12. The device as claimed in claim 11, wherein the flat body
consists of at least one of polycarbonate and polypropylene.
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